INTRODUCTION
Tunisia is the second largest olive oil exporter and producer after the European Union holding a high number of autochthonous olive cultivars (Dabbou et al., 2015; Essid et al., 2016; Hlima et al., 2017) . Chemlali and Chétoui are the two predominant olive cultivars, while the others have a lower importance and more limited geographical implementation (Issaoui et al., 2007; Tena et al., 2007; Baccouri et al., 2008; Dabou et al., 2011) . Indeed, the majority of the studies on Tunisian olive oils reported the biochemical and/or sensory characterizations of extra virgin or virgin olive oils (EVOO, VOO) produced from those two main Tunisian olive cultivars: cv Chemlali (Dhi et al., 2004; Issaoui et al., 2007; Tena et al., 2007; Dabbou et al., 2009; Guerfel et al., 2009; Kotti et al., 2009; Taamalli et al., 2010; Youssef et al., 2011; Hassine et al., 2015; Laroussi-Mezghani et al., 2015; Mansour et al., 2015; Abdalah et al., 2016a Abdalah et al., , 2016b Bazakos et al., 2016; Fares et al., 2016; Gargouri et al., 2016 , Hlima et al., 2017 or cv Chétoui (Dhi et al., 2004; Temine et al., 2006; Issaoui et al., 2007; Tena et al., 2007; Haddada et al., 2008; Dabbou et al., 2009; Guerfel et al., 2009; Kotti et al., 2009; Taamalli et al., 2010; Youssef et al., 2011; Issaoui et al., 2012; Hassine et al., 2015; Laroussi-Mezghani et al., 2015; Bazakos et al., 2016; Essid et al., 2016; Gargouri et al., 2016; Laroussi-Mezghani et al., 2016; Hlima et al., 2017; Loubiri et al., 2017) . However, the commercialization of olive oils with different and unique sensory and nutritional characteristics is gaining importance (Baccouri et al., 2008) , leading to the chemical assessment of Tunisian olive oils produced from other minor autochthonous Slim, et al. olive cultivars such as cv Oueslati (Krichene et al., 2007; Dabbou et al., 2009; Dabbou et al., 2010; Taamalli et al., 2010; Youssef et al., 2011; Hassine et al., 2015; Laroussi-Mezghani et al., 2015; Bazakos et al., 2016; Fares et al., 2016; Laroussi-Mezghani et al., 2016; Ouni et al., 2016) . Occasionally, other Tunisian autochthonous olive cultivars have also been characterized (e.g. cvs Chemchali, Dhokar, Fouji, Jeddaria, Jemri, Neb Jmal, Sahli, Zalmati and Zarrari) (Issaoui et al., 2007; Dabbou et al., 2010; Hassine et al., 2015; Laroussi-Mezghani et al., 2015; Mansour et al., 2015; Abdalah et al., 2016a; Bazakos et al., 2016; Loubiri et al., 2017; Hlima et al., 2017; Mohamed et al., 2018a) .Only one work has reported the study of extra-virgin Tunisian olive oils produced with olives from cv Sahli, grown in Sfax National Collection (South of Tunisia), thus under the same edaphoclimatic conditions (Issaoui et al., 2007) . The above mentioned works showed that the contents of several quality and compositional parameters (such as: free acidity (FA), peroxide values (PV), K 232 and K 270 spectrophotometric indexes, oxidative stability(OS), antioxidant activity, total phenols and tocopherols, fatty acids profiles and volatile compounds) of edible Tunisian olive oils (i.e., EVOO and VOO) are highly dependent on the olive cultivar. Some works have also focused on the discrimination of Tunisian olive oils according to olive cultivar, geographical origin or maturity index, using chemical data such as the fatty acids, phenolic compounds (Mohamed et al., 2018a) and/or tocopherols profiles (Guerfel et al., 2009; Kotti et al., 2009; Taamalli et al., 2010; LaroussiMezghani et al., 2015; Abdalah et al., 2016a Abdalah et al., , 2016b Laroussi-Mezghani et al., 2016; Mohamed et al., 2018b) or electrochemical fingerprints recorded using electronic noses or electronic tongues (Tena et al., 2007; Slim et al., 2017; Souayah et al., 2017; Marone et al., 2018) . In this work, commercial monovarietal Tunisian olive oils, randomly selected to mimic a practical situation that may occur when a typical consumer is purchasing this kind of food product at a supermarket, were evaluated taking into account the chemical and organoleptic parameters. Olive oils sensory quality was assessed by trained panelists, according to EU Commission Regulation (Consolidated Text 1991R2568 -EN -01.01.2015 ), aiming to establish the quality grade of each olive oil. The olive oils studied were previously described by Slim and co-workers (Slim et al., 2017) . According to the label information, 2 olive oils were extracted from olives from Oueslati cv, also known as El Leguim, 11 olive oils from Chétoui cv, and 26 olive oils from Sahli cv. The scope of the study was, therefore, to identify, through chemometric tools, possible chemical markers that could be used to discriminate the selected monovarietal olive oils classified as Ancient Olive Orchards (AOOs) (Slim et al., 2017) .
MATERIALS AND METHODS

Autochthonous Tunisian olive oil samples
Thirty nine commercial Tunisian olive oils produced from three different autochthonous olive cultivars (cv Chétoui -11 bottles, cv Sahli -26 bottles, and cv Oueslati -2 bottles, according to the label information) were purchased in Tunisia and kept in the original dark amber bottles to minimize the risk of quality degradation until analysis at the laboratories of the School of Agriculture -Polytechnic Institute of Bragança and Faculty of Pharmacy -University of Porto, both in Portugal, as previously described (Slim et al., 2017) . Details regarding the three olive cultivars studied can be found in the literature (Grati-Kamoun et al., 2006) .
Chemical and sensory analysis
All samples, before their expiration date, were analyzed according to the European Union standard methods (Consolidated Text 1991R2568 -EN -01.01.2015 . From each olive oil, two independent samples were collected and all the analysis were carried out in duplicate. Five quality parameters were assessed namely, the free acidity (FA, in % oleic acid), peroxide values (PV, in mEq O 2 /kg) as well as the specific coefficients of extinction at 232 nm and 270 nm (K 232 and K 270 and ∆K). Also, olive oil samples were evaluated by 8 trained panelists following the EU Regulation (Consolidated Text 1991R2568 -EN -01.01.2015 aiming to assess the intensity of fruity positive attribute (i.e. the set of olfactory sensations coming from sound, fresh ripe or unripe olives, which are perceived directly and/or through the back of the nose) as well as the presence and intensity of common negative attributes (such as fusty, musty, winey-vinegary and/or rancid). Olive oils were classified as EVOO if, simultaneously, FA ≤ 0.8% oleic acid, PV ≤ 20 mEq O 2 /kg, K 232 ≤ 2.50, K 270 ≤ 0.22, ∆K ≤ 0.01, median intensity of sensory defects equal to 0 and median intensity of fruitiness greater than 0. Olive oils would be classified as VOO if, at the same time, FA ≤ 2.0% oleic acid, PV ≤ 20 mEq O 2 /kg, K 232 ≤ 2.60, K 270 ≤ 0.25, ∆K ≤ 0.01, median intensity of sensory defect between 0 and 3.5 (in an ordinal intensity scale ranging from 0 to 10) and median intensity of fruitiness higher than 0 (in an ordinal intensity scale ranging from 0 to 7). Olive oils would be classified as LOO if at least one of the previous conditions is not fulfilled. It should be remarked, that positive olfactory and gustatory-retronasal sensory attributes were only evaluated if no organoleptic defect was perceived or if its intensity was lower than 3.5. The olive oils oxidative stabilities (OS) were also determined using a Rancimat apparatus following the standard methodology (ISO 6886:2016) . The antioxidant activity was evaluated using the DPPH assay according to Kalantzakis and co-workers (Kalantzakis et al., Slim, et al. 2006), which together with ABTS, CUPRAC, FRAP and ORAC assays, are commonly used to assess the antioxidant capacity of different food matrices (Thaipong et al., 2006; Apak et al., 2007; Yashin et al., 2013; Giuffrè et al., 2016 Giuffrè et al., , 2017a ; the total phenols (TP) contents were assessed as described by Capannesi and co-workers (Capannesi et al., 2010) ; tocopherols contents (α-, β-, γ-and total) were determined by normal phase high performance liquid chromatography(HPLC) using 2-methyl-2-(4,8,12-trimethyl tridecyl) chroman-6-ol (tocol) (Matreya Inc., Pleasant Gap, PA) as the internal standard (ISO 9936:2016) and the fatty acids profiles were obtained by gas-chromatography (GC) after cold alkaline transesterification (Consolidated Text 1991R2568 -EN -01.01.2015 ). The liquid chromatograph consisted of a Jasco integrated system (Japan) equipped with a Jasco LC-NetII/ADC data unit, a PU-1580 Intelligent Pump and a FP-920 fluorescence detector (λ exc = 290 nm and λ em = 330 nm). The chromatographic separation was achieved by mean of a Supelcosil TM LC-SI column (Supelco, Bellefonte, PA) (3 μm; 75 x 3.0 mm, operating at 23 ºC. Gas chromatography was carried out with a Chrompack CP 9001 chromatograph equipped with a split-splitless injector, a FID detector, an Chrompack CP-9050 autosampler and a 50 m x 0.25 mm i.d. fused silica capillary column coated with a 0.19 μm film of CP-Sil 88 (Varian). Helium was used as carrier gas at an internal pressure of 110 kPa. The temperatures of the detector and injector were 250 ºC and 230 ºC, respectively. The split ratio was 1:50 and the injected volume was of 1 μl.
Statistical analysis
One-way ANOVA was used to verify if the olive cultivar used on the production of each monovarietal olive oil (cvs Chétoui, Oueslati or Sahli) would significantly influence the chemical contents. When significant statistical differences were found, the Tukey's post-hoc multi-comparison test was further used. For this analysis the olive oil quality grade was not taken into account. Furthermore, to identify possible putative biomarkers to distinguish autochthonous Tunisian olive oils according to the olive cultivar, two multivariate approaches were applied: the unsupervised principal component analysis (PCA) and the supervised linear discriminant analysis (LDA) coupled to a meta-heuristic simulated annealing (SA) variable selection algorithm (Kirkpatrick et al., 1983; Bertsimas and Tsitsiklis, 1992; Cadima et al., 2004) . Taking into account the database size, considering that only two independent monovarietal olive oil bottles were produced from Oueslati olives, the multivariate techniques were only considered for monovarietal olives from Chétoui and Sahli cvs. Moreover, for the LDA-SA procedure, the predictive performance of the established classification model was further verified using two cross-validation (CV) variants: the LOO-CV procedure, which although being described as an over-optimistic procedure it has been also been reported as a suitable cross-validation variant (Martens and Dardenne, 1998) , when small databases are available; and, the repeated K-fold-CV procedure, aiming to minimize overfitting risks. In the last case, data was randomly split into K folds, being each of the folds left out in turn and the other K-1 folds used to train the model. The held out fold is used for test purposes and the quality of the predictions is assessed using the percentage of correct classifications. As previously (Slim et al., 2016; Souayah et al., 2017) , in this study the K-folds were set equal to 4, enabling the random formation of internal validation subsets (for each gustatory group) with 25% of the initial data, allowing bias reduction. The procedure was repeated 10 times for putting the model under stress. The repeated K-fold-CV technique allows reducing the uncertainty of the estimates, by evaluating the predictive performance of the models established using 4×10 random sub-sets (i.e. 40 total resamples used for internal validation). To normalize the weight of each variable in the final linear classification model, variable scaling and centering procedures were evaluated. The classification performance of the LDA model was graphically evaluated by plotting the density distribution of the data for the sole discriminant function. Statistical analysis was performed using the sub-select (Bertsimas and Tsitsiklis, 1992; Cadima et al., 2012) and MASS (Venables and Ripley, 2002) packages of the open source statistical program R (version 2.15.1), at a 5% significance level.
RESULTS AND DISCUSSION
Autochthonous Tunisian olive oils quality grade classification
Taking into account simultaneously the quality (FA, PV, K 232 , K 270 and ∆K values) and sensory evaluation data, the thirty-nine Tunisian olive oils under investigation were classified as follows: 2 samples were EVOO, 4 samples VOO, and 33 samples LOO (Table 1) .
The high number of commercial olive oils classified as LOO (~85% of the samples evaluated) clearly suggest that extra monitoring and controlling quality measures must be implemented to guarantee higher quality standards of the Tunisian olive oils that reach the consumer. However, it should be remarked that this lower quality classification was mainly due to the high K 232 values determined (82% of the samples are classified as LOO based on the values of this parameter), indicative of the primary oxidation. This fact may be attributed to the high average temperatures registered in Tunisia and the little differences on climate between seasons in semi-arid geographical areas (Kotti et al., 2009) and to the storage conditions of the olive oils before being purchased. Indeed, Slim, et al. for the other chemical quality parameters evaluated, the majority of the olive oils analyzed did not exceed the limit legal levels: FA (no sample would be classified as LOO considering this single parameter), PV (only 3 of the samples would be classified as LOO considering this single parameter), K 270 or ∆K (only 2 samples would be classified as LOO considering each single parameter). Simultaneously, the sensory evaluation performed resulted in the perception of negative organoleptic attributes with intensities greater than 3.5 (mainly rancid, winey-vinegary and fusty) in 59% of the olive oil samples, reason why those olive oils were classified as LOO, regardless the levels of quality chemical parameters, in accordance to the EU Commission regulation (Consolidated Text 1991R2568 -EN -01.01.2015 ). It should be also noticed that the other samples could be classified as EVOO based only on the sensory evaluation, since no organoleptic defect could be perceived by the trained panelists.
Overall, the high number of monovarietal Tunisian olive oils classified as LOO was surprising, since in the majority of works that deal with chemical characterization of monovarietal Tunisian olive oils from Chétoui, Oueslati and Sahli cvs (Dhi et al., 2004; Temine et al., 2006; Issaoui et al., 2007; Krichene et al., 2007; Haddada et al., 2008; Dabbou et al., 2009; Guerfel et al., 2009; Kotti et al., 2009; Dabbou et al., 2010; Taamalli et al., 2010; Dabbou et al., 2011; Youssef et al., 2011; Issaoui et al., 2012; Laroussi-Mezghani et al., 2015; Essid et al., 2016; Hassine et al., 2015; Fares et al., 2016; Loubiri et al., 2017; Ouni et al., 2017) , these oils were always reported as EVOO or VOO, according to the legal regulations (Consolidated Text 1991R2568 -EN -01.01.2015 ). This could be explained considering that the olive oil samples investigated in the previous research works, were obtained under controlled conditions (including olive production, olive oil processing and storage conditions). In the present study, on the contrary, aiming at evaluating the quality and composition of commercial Tunisian olive oil samples usually bought by typical consumers, samples were purchased directly from the markets.
Effect of the autochthonous olive cultivar on the chemical profiles of Tunisian olive oils
The possible effect of the olive cultivar on the chemical composition of the Tunisian olive oils, regardless their quality grade classification, was evaluated using one-way ANOVA, using the experimental data from two independent samples of each olive oil bottle (being each sample analyzed in triplicate). Concerning the fatty acid profile, only those olive oils that had a mean relative percentage in the total fat greater than 0.01% were considered for statistical analysis. The results shown in Table 2 indicated that the commercial Chétoui or Oueslati monovarietal olive oils had fatty acids contents (individual fatty acids as well as SFA, MUFA and PUFA) within the interval ranges previously reported by several other researchers (Dhi et al., 2004; Temine et al., 2006; Issaoui et al., 2007; Krichene et al., 2007; Haddada et al., 2008; Dabbou et al., 2009; Guerfel et al., 2009 , Kotti et al., 2009 Dabbou et al., 2010; Taamalli et al., 2010; Dabbou et al., 2011; Youssef et al., 2011; Issaoui et al., 2012; Laroussi-Mezghani et al., 2015; Hassine et al., 2015; Essid et al., 2016; Fares et al., 2016; Gargouri et al., 2016 , Hlima et al., 2017 Loubiri et al., 2017; Ouni et al., 2017) , showing that fatty acids profiles are rather related to olive cultivar than olive oil quality grade. Also, broad (n=23) n.a.: gustatory-retronasal fruity attribute not evaluated since a defect was perceived by the trained panelists with an intensity greater than 3. contents interval ranges have been reported for those two monovarietal Tunisian olive oils, showing that the geographical origin and related agricultural practices may also influence the fatty acids profiles. The fatty acids profiles determined for Sahli single-cultivar olive oils showed some differences compared to the values previously reported (Issaoui et al., 2007 ) containing lower mean total MUFA level (higher mean contents of C16:1 and C17:1 and lower mean content of C18:1) and higher mean total PUFA level (higher mean content of C18:2). These differences could be partially attributed to the fact that the Sahli monovarietal olive oils reported in the literature (Issaoui et al., 2007) were produced from olives cultivated under the same edaphic-climatic conditions and grown in same geographic region (National Collection "Boughrara" in Sfax south of Tunisia), which may lead to narrow interval ranges. On the contrary, Sahli olive oils studied in the present work were commercially obtained and were produced in different Tunisian areas, under unknown production and storage conditions. Finally, it should be remarked that for Chétoui and Oueslati olive oils, some of the literature values reported for oleic acid content are near or lower the legal limit of 55%. On the contrary, all the Tunisian olive oils evaluated in the present study had mean oleic acid contents greater than the minimum legal level.
Moreover, in all the analyzed olive oils, it was possible to detect tocopherols and the results obtained were in agreement with those reported in the literature. Table 3 summarizes the mean contents (± standard deviations) of the chemical parameters and of the tocopherols contents evaluated for each monovarietal olive oil, as well as the cases where statistical significant differences were found according to the type of autochthonous olive cultivar used for olive oil production (based on the one-way ANOVA and Tukey's test results). For the above-mentioned parameters, the range levels available in the literature referring to VOO and EVOO of cvs Chétoui, Oueslati and Sahli are also given. It should be remarked that, only one work related to the genetic variety was found (Issaoui et al., 2007) . Once again, the values reported showed a high variability, which was expected since it is known that the chemical composition of olive oils may be greatly influenced by climatic factors and/or geographical origin (Kotti et al., 2009) .
Briefly, among the studied commercial monovarietal Tunisian olive oils under investigation, olive oils from Sahli olive cultivar had the lowest total phenolic content (157±48 mg/kg), oxidative stability (6.5±2.1 h), DPPH scavenging activity (68%±14) and monounsaturated fatty acids content (63.1%±3.1). On the other hand, those olive oils possessed the highest saturated and polyunsaturated fatty acids contents (19.9%±2.4 and 16.9%±1.4) as well as total tocopherols levels (222±49 mg/kg). The greater PUFA content determined for Sahli olive oils may explain the lower oxidative stability found. These findings could be further used to identify possible chemical markers for traceability studies. In detail, regarding the chemical parameters (Tables 2-3 ) assessed in this study for the Tunisian olive oils, it can be concluded that: (i) A statistical significant effect (P-value < 0.05) of the cultivar on the total phenol mean content, oxidative stability and DPPH scavenging activity was found, being their levels different for Chétoui and Sahli olive oils, and similar for Chétoui and Oueslati cvs and for cvs Oueslati and Sahli. In general, monovarietal olive oils from Chétoui cv had the highest total phenolic content, oxidative stability and DPPH scavenging activity; monovarietal olive oils from Sahli cv had, instead, the lowest levels. (ii) Overall, the fatty acids profile of Chétoui olive oils is statistically different from the fatty acids profile of Sahli olive oils, having the latter significantly (P-value < 0.05) higher contents of SFA and PUFA and lower levels of MUFA. On the other hand, no statistical significant differences were found between the fatty acids mean contents of olive oils from Chétoui and Oueslati cvs and from Oueslati and Sahli cvs. For all the olive oils assessed, the mean FA levels, and those of trans oleic acid, total trans linoleic and linolenic acids found comply the legal limits established by the EU Commission regulation. (iii) No statistical differences (P-value > 0.05) were found between the total tocopherol mean contents determined in the olive oils, independently of the olive cultivar, although for the individual tocopherols a significant statistical effect (P-value < 0.05) of the olive cultivar was observed. Olive oils from cv Chétoui and cv Sahli showed the highest α-, β-and total tocopherols mean contents; olive oils from Oueslati cv showed, instead, the highest γ-tocopherol mean content.
Moreover, a comparison between the overall chemical fingerprints of the olive oils analyzed (Tables 2-3) and those reported by other researchers, pointed out the following points: (i) The monovarietal olive oils evaluated in this work had lower total phenols contents and higher oxidative stability compared to those reported in the literature for the same autochthonous Tunisian olive oils, with the exception of cv Sahli. (ii) The mean fatty acids contents determined for each monovarietal olive oil are within the literature range levels and comply with the legal limits established by the EU Regulation for EVOO or VOO, although the majority of the olive oils studied are classified as LOO due to chemical and sensorial characterization. (iii) The mean tocopherols contents (total and individuals) determined for each monovarietal olive oil are lower than the literature levels. However, these low levels are consistent with the high K 232 values found for the majority of analyzed olive oils, which is indicative of the primary oxidation. It should be noted that the data in the literature vary considerable as they deal with olive oils of different geographical origins (i.e. different edaphoclimatic conditions) or with different olives maturation indexes (Haddada et al., 2008; Kotti et al., 2009 ).
Discrimination of Tunisian olive oils according to the autochthonous olive cultivar
The possibility of differentiating monovarietal Tunisian olive oils by their genetic variety using chemical fingerprints data (total phenols content, oxidative stability, DPPH scavenging activity, fatty acids profiles and tocopherols contents) was evaluated using unsupervised and supervised multivariate statistical techniques, PCA and LDA, which was carried out for the first time for Sahli monovarietal olive oils. At first, a PCA was carried out showing that all the chemical parameters evaluated contained representative information that allowed a natural split of the majority of the commercial monovarietal olive oils according to the olive cultivar ( Fig. 1) , regardless their quality classification grade (VOO or LOO) and geographical origin. Twenty-one principal components (PCs) could be established (based on the chemical data of the 24 parameters assessed), and the first 7 PCs accounted for 92% of the data variance.
As can be visualized in Fig. 1 , the 1 st , 2 nd and 3 rd PCs (which accounted for 39.5%, 15.2% and 12.0% of the data variability, respectively) allowed to partially distinguish single-cultivar olive oils from Sahli cv (mostly located on the negative region of the 1 st PC) from those from Chétoui cv (located on the positive region of the 1 st PC). Although, some misclassification could be expected since it was not possible to form two distinct unsupervised groups. Other authors have previously showed that PCA could be used to partially differentiate Tunisian olive oils according to olive cultivar (e.g. cvs Chemlali, Chétoui, Oueslati and Zalmati (Abdallah et al., 2016) ; cvs Chemchali, Chemlali, Chétoui, El Hor and Jarboui and Oueslati (Guerfel et al., 2009); cvs Oueslati, Chétoui, Chemlali, Chemchali, Zalmati and Zarrazi (Laroussi-Mezghani et al., 2015) ; cvs Chemchali, Chemlali, Chétoui, Oueslati, Sayali, Zalmati and Zarrazi (Laroussi-Mezghani et al., 2016) ), based on their chemical compositions (fatty acids, squalene, tocopherols, pigments, chlorophyll and carotenoid compounds and/or phenolic compounds).
In order to reduce the number of independent chemical parameters with discrimination capability and to establish possible putative biomarkers for the two types of monovarietal olive oils, a LDA-SA approach was used. The successful use of other linear and non-linear supervised multivariate statistical techniques has been described in the literature with similar objective (LDA coupled with Slim, et al. the stepwise algorithm (Taamalli et al., 2010) ; partial least square-discriminant analysis (PLS-DA) (Laroussi-Mezghani et al., 2016) , soft independent modeling of class analogy classification (SIMCA) (Laroussi-Mezghani et al., 2015) ). In the present work, the use of the meta-heuristic SA variable selection algorithm (Kirpatrick et al., 1983; Bertsimas and Tsitsiklis, 1992; Cadima et al., 2004) allowed identifying the best subsets of independent predictors (i.e., subsets comprising from 2 to 24 selected over the 25 chemical parameters assessed and described in Tables 2-3, with the exception of the trans fatty acids, which are not related with olive cultivar but with inadequate production processes) that maximized the correct classification rate of the LDA model for the original grouped data (correlation). For each LDA-DA model established the predictive potential was assessed using the LOO-CV procedures, being selected the classification model that allowed achieving the maximum correct classification percentage with the minimum number of chemical parameters. The results showed that the best LDA-SA model (with one discriminant function that explained 100% of the original data variability) was based on the chemical information of 12 independent parameters (i.e., TP, OS, C17:0, C18:0, C22:0, C24:0, C16:1, C17:1, C20:1, C22:1, C18:2 and γ-tocopherol). The selection of these chemical parameters could be attributed to the fact that the majority of them showed statistical significant differences between the two olive cultivars. The established linear classification model allowed 97.3% correct classification of the original data (one sample misclassified), i.e., of the Tunisian monovarietal olive oils according to the two autochthonous olive cultivars, regardless their quality level or geographical origin (Fig. 2) and 91.9% of predictive correct classification for the LOO-CV (three samples misclassified; one from cv Chétoui and two from cv Sahli). nd and 3 rd PCs) according to the Tunisian autochthonous olive cultivar, based on the data of 25 chemical parameters: total phenols content, oxidative stability, DPPH scavenging activity, fatty acids profile and tocopherols contents.
Slim, et al. Fig. 2 shows that monovarietal olive oils of Chétoui cultivar are located in the negative region being mainly related to five fatty acids (discrimination potential: C17:0 > C24:0 > C20:1 > C18:0 and C16:1), whilst, monovarietal olive oils from Sahli cv are placed on the positive region of the frequency distribution plot due to the contribution of fatty acids (discrimination potential: C22:0 >C17:1 >C22:1). Thus, among the 25 chemical parameters quantified, the discrimination results pointed out that fatty acids, mainly SFAs and MUFAs, could contribute as potential markers for assessing the genetic variety of monovarietal Tunisian olive oils. Previously, Abdallah and co-workers (Abdallah et al.,2016 ) reported an LDA model based on the data from three fatty acids (C18:1, C16:1 and C14:0, selected by a stepwise technique), determined by DIMS, where it was possible to correctly classify EVOOs according to their genetic variety (Chemchali, Chemlali, Dhokar, Fouji, Jemri, Zalmati or Zarrazi). Recently, Laroussi-Mezghani and co-workers (Laroussi-Mezghani et al.,2015 also demonstrated the potential capability of using fatty acids compositions and other minor chemical compounds (e.g. squalene, total phenols and tocopherols) to correctly predict the genetic variety (Chemlali, Chétoui or Oueslati) of EVOO using SIMCA or PLS-DA tools (correct classification rates varying from 95% to 100%).
The predictive capability of the LDA-SA classification model developed in this work based on the 12 chemical parameters was further assessed by applying the K-fold-CV procedure (4 folds × 10 repetitions). For this CV variant, less prone to overfitting issues, the established classification model allowed obtaining a mean sensitivity of 90%±8 (varying from 78% to 100% for the 40 runs carried out during the repeated K-fold-CV procedure). The potential of the chemical parameters, namely the above-mentioned fatty acids (C16:1, C17:0, C17:1, C18:0, C20:1, C22:0, C22:1 and C24:0) to classify monovarietal Tunisian olive oils according to their autochthonous olive cultivar was confirmed (regardless the chemical quality level) pointing out their possible use as putative traceability chemical markers for these two Tunisian autochthonous olive cultivars.
CONCLUSIONS
In this preliminary work, it was shown that commercial Tunisian monovarietal olive oils, produced from autochthonous olive cultivars (cvs Chétoui, Oueslati and Sahli) could not be classified as extra-virgin or virgin olive oils (even if they meet many of the legal quality requirements established by the EU Commission regulations). This classification is explained by the initial high degree of oxidation, inferred due to the high values of K 232 extinction coefficient; as well as uncontrolled storage conditions that could also contribute for some organoleptic defects perceived (mainly, rancid, winey-vinegary and fusty). Overall, the Tunisian olive oils evaluated herein showed low free acidity and peroxide values, being their fatty acids levels in accordance with the legal requirements, including the values of the trans oleic and linoleic+linolenic acids. Furthermore, the levels found were in agreement with those previously reported in the literature, mainly for Chétoui or Oueslati olive oils. Also, the work contributed to a deeper chemical characterization of Sahli olive oils, a less studied Tunisian single-cultivar olive oil type, being some (bio) chemical contents significantly different from the other commercial Tunisian monovarietal olive oils studied. Finally, three minor fatty acids (heptadecenoic, behenic and erucic acids) were established as potential chemical makers for authenticity of Sahli monovarietal olive oils. 
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